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Absintct 



1 he canarypox vaccine vector (ALVAG* 1 j technology has been used to develop and license several vaccines: for companion animals and 
horses ib die European Union and USA. ALVAC is a ubiquitous vector with high hiosafeiy .since it is non^replicative in mamnialians is 
genetically and phy^cally stable, and able io induce bom humoral and cei^mediased immune responses against the expressed iransgene 
product. Specific rules apply for ihe deyelopnient and i^gi^inition of recombinant vector vaccines. The biotogy of die vector as well as the 
recombumnt virus mu^t be thoroughly documenled to allow the risk assessment of its use in the target species. In particular, its safely [br the 
nasi and the environment must be extensive ly demonstrated before field trials can be authorized 
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I. Introduction 

Veterinary medlciti^ has been at the forefront of cutting 
edge vaccine technology as 11 iustrated by the number of non- 
corrventional vaccines available in the animal health market. 
Reco rnb inant pratei n subunit vaccines against Lyme disease 
in dogs [J], feline leukemia [2] or classical swine fever 
[3] have been developed fay using either EscMnchia coil 
or iiacuiovirus expression platforms. Gene^deteied porcine 
and bovine viral vaccines have been instrumental in the pro- 
phylaxis and local eradication of Aujeszky's disease and 
infectious bovine rhmotrachei lis [4 J. Very recently, two BNA 
vaccines have been licensed for immunization of horses 
against West-Mile virus fWNV) in the USA and for immu- 
nization of fish against infectious hematopoietic necrosis in 
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Canada [5]. Interestingly, Jive recombinant vector vaccines 
for food animals, as well as for companion animals represent 
the majority of those new technology vaccines, and most of 
them are based on poxvirus vectors. 

The use of poxvirus vector started with the development 
of RABGRAL V-RG® 2 (Meriai. USA) a rabies vaccine for 
wildlife [6J, Oral immunization of red foxes, raccoons and 
coyotes was- made possible by using the vaccinia Copenhagen 
thymidine Mnase-negative strain io express rabies glycopro- 
tein G [7J. This vaccine has successfully eomribwed to" the 
eradication of sy I vatic rabies from some countries of West- 
ern Europe and is now widely used m North America for the 
control of rabies in raccoons and coyotes [8J- 

Ay i pox viruses and in particular the fowipox virus vec- 
tor were initially developed for poultry vaccines to protect 
against Newcastle disease and avian influenza H5 [9]. The 
fowipox virus vector was derived from an attenuated vaccine 
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Tabic ! 

Cmaypiyx viru.=> vector vaccines licensed fur veterinary use 

Species Counlry ~ 

C^mc dis^per HA and F Dbg, ferret- USA, Argentina, Brazil, Colombia, Canada, Ufuguay 

Kahies G Cut US^e^nada 

Felioc ,eukemte Env, Gag/pro Gar Europe, US A, Canada 

Equine inilucn^ HA Horse Hurt >pe 

WcM-Nuc prM-H Horse USA,Canada 

HA, hemagglutinin; E ftision protem; G v glycopromin G; Eriv, envelope glycoprotein; Gug. group specific anngen; Pm, protease; prM^R nrc^mcmhranc and 
envelope? proteins. 



stem with a long record of safe use in chickens. Although, it 
is a repli cati ve vector in chickens^ it is not shed in the envi- 
ronment after vaccination. Unfortunately, anti-fowlpox virus 
active immunity interferes with the vector efficacy and may 
limit its use in some field conditions. 

in 1988, the ability of avipoxvirus to express a trausgene 
in a mammalian host and induce a specific immune response 
in the absence of replication was demonstrated with an exper- 
imental fowIpox-Rahies construct [10]. The development of 
avi poxvirus vectors for mammals was extremely attractive 
from a biosafety standpoint. Efficacy results against Rabies 
suggested that the ca nary pox virus was a better candidate than 
She ibwlpox vims for the development of a non -implicative 
vector for mammals {} []„ Several canarypox virus recom- 
binant vaccines have been developed and licensed for dogs, 
cats, ferrets and horses (Table I), and many new candidates 
are c urren tly being tested in both animais and human s. 

Even if non^replieative vectors are attractive, replication 
competent vectors are widely studied and may be safely used. 
Attenuated vaccine strains may be selected as vectors, like 
LaSota attenuated strain of Newcastle disease virus in poul« 
try [12] or canine adenovirus type 2 in dogs f 1 3]. Recently, 
a vaccine against infectious bursal diseases using the her- 
pesvirus of turkey (HVT) was licensed for in ovd vaccination 
and immunization of I -day-old chicks [14]. From a hiosafety 
standpoint, HVT is not pathogenic for turkeys or chickens, 
and is not spread from chicken to chicken after vaccination, 
A West-Nile virus chimera vaccine has been developed for 
horses by inserting the pre M-B gene of WNV at the site of 
the E protein of a Yellow Fever virus attenuated strain [15], 
In the research and development of human vaccines, many 
viral virus vectors, replication competent or not. are under 
investigations. However, vectored vaccines tested in clinical 
trials are generally based on vectors which do not replicate 
in humans, like the modified vaccinia virus Ankara strain 
[16], replication-delective adenovirus [17] r alphavirus repli- 
cons [ IS] and avipoxviruses [16] including canarvpox virus 
[19-25], 



2* Ad vantages of the canarypox virus vector 

The ALVAC vector is a canarypox virus clone obtained 
after four rounds of plaque purification of a strain from a 
vaccine for canaries, Despite an abortive replication cycle 



in mammaJian ce [Is, ALVAC can express appropriately engi- 
neered foreign genes resulting in de novo syn thesis of pro! ei ns 
which are then presented to the immune system in a manner 
similar to a natural infection and generate both antibodies 
(Ab) and cell-mediated immunity (CMI). 

2.7. Efficacy 

■Veterinary vaccines are required to meet protection stan- 
dards in the target species regardless of the type of immune 
response they induce. Nevertheless, the ability of the canary- 
pox vector to induce both Ab and CMI against specific 
antigens has been evaluated in several models and species 
[26,27]. 

A recombinant canary pox vaccine expressing the envelope 
glycoprotein (em>), the capsid proteins (gag) and part of the 
pDiy merase genes of the feline leukemia virus fFeUV) 
subgroup A, has been shown to protect cats in various FeLV 
challenge models (oro-nasai or imnt-peritoneai challenge, 
contact challenge) [28-30]. Prevention of pei-sistent FeL^ 
p27 antigenaemia relies on a FeLV specific T cell response 
which can be measured as early as 1 week post-infection : 
while it takes several weeks before FeLV neutralizing anti- 
bodies can be detected. Env and gag are the main targets 
of cytotoxic: T cells [31], In cats, ALVAG-FeLV provides 
protection in the absence of FefJV neutralizing antibodies 
at the time of virulent challenge. It has recently been shown 
that ALVAC-FeLV vacci nated cats had FeLA^specifi c IFN7 + 
T ceils detectable before virulent challenge, supporting a 
predominant role of CMI in the protective efficacy of this 
vaccine [32]. The performance of the ALVAG-FeLV con- 
struct is achieved in. the absence of adjuvant* ensuring an. 
excel ten t local safety and minimum in flammatoi^ reactions. 
This advantage, ;ah-eady demonstrated for the AI^ 
vaccine, is now substantial in feline vaecinology, as chronic 
inflammation at the injection site is considered to be a risk 
factor for the occurrence of i nj ection site associated fibrosar- 
comas [33]. 

The capacity of some ALVAC-based vaccines to induce 
protection altera single dose is an additional advantage when 
a rapid onset of imm unity is required. A single dose ofrecom- 
bin ant canarypox virus, express ing the prM-E poly proiei n of 
a 1999 New York isolate of We^Hile Virus, was proven 
effective in homes against a WN^infoc ted mosquito chal- 
lenge, a method representative of the natural exposure in the 
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field [34]. Following challenge, only 1 of 9 treated horses 
developed viremia, whereas 8 of 10 control horses became 
viremic. Although this vaccine has been licensed with a two- 
dose regimen, this study demonstrated the rapid onset of 
immunity associated with the AUVAC vector. Protection after 
a singie vaccine dose was also observed in horses wi th another 
canarypox vector expressing the haemagglutinin genes of 
influenza H3N8 viruses [3 5 J, 

Maternal antibodies is a concern for the efficacy of vac- 
cination tn young animals, and in some models, a vectored 
vaccine may allow an early and efficacious vaccination. A 
recombinant canarypox construct expressing the HA and F 
genes of canine distemper virus (CDV) [36] was developed 
spec i fi cally for dogs as a saf e and effkacious alternative to the 
live CDV vaccines. Indeed, some jive attenuated strains are 
either over- or under-attenuated and have been associated, 
respectively, with rare episodes of reversion to virulence, 
or lack of immune responses in part of the vaccinated dog 
population . Tn this model, a s tgnif icant advantage of ALVAC- 
CDV is its capacity to overcome CDV maternal antibodies 
in young puppies* Four-week-old pups with maternal anti- 
bodies were vaccinated twice at a 4-week interval either with 
a canarypox-distemper or a conventional attenuated vaccine. 
Ninety percent of ALVAC- CDV immunized aiH 
verted while only .50% of pups vaccinated with conventional 
attenuated vaccines did [37] . 

One concern with some viral vectors is the interference 
of antj- vector immunity on the efficacy of subsequent rcvac- 
eination* Immunization programs in companion animals and 
horses require se vera I boosters at various interval s depend ing 
on the vaccine. ALVAC is a vector of choice in that con- 
text because anti-eanarypox virus immunity does not alter 
the performance of boosters. Previous exposure to the vec- 
tor does not inhibit humoral and cell-mediated responses 
against the transgene after revacci nation, as experimentally 
demonstrated with the ALVAC-WNV vaccine (EI Garch et 
al., submitted). The absence of detectable neutralizing anti- 
bodies against ALVAC, even: after administration of repeated 
high doses, may be an explanation for mis phenomenon. 
This advantage is also true for combination vaccines con- 
taining several canarypox virus recombinants, In addition, 
recombinant canarypox virus vaccines can be used to boost 
the immune response induced by conventional vaccines, as 
demonstrated for AIVAC-WNV in horses or ALVAC-FeLV 
in cats [38,39], 

Considering the non-replicati ve nature of canarypox vec- 
tor; it was important to evaluate the duration of immunity 
(DOT) ind need by ALVAC-based vaccines. A non-adjuyanted 
canatypox-FeLV vaccine was shown to protect, cats against 
persistent viraemia following a FeLV oro-nasai challenge 
catried-out 1 year after vaccination [28]. Similarly, horses 
immunized with ALVAC-WNV were protected against clini- 
cal signs and viraemia induced by a mosquito WNV challenge 
1 year after vaccination [40];Licensure of veteri nary vaccines 
in Europe requires the demonstration of DOI by vaccination 
and viral challenge, and the dose of canarypox virus used in 



the DOI studies determine the claimed minimum protective 
dose of the vaccine, 

2,1 Safety 

As for conventional attenuated vaccines, safety must be 
evaluated in the target species under laboratory and field con- 
ditions. In Europe, laboratory studies include the safety of an 
overdose, which is equal to (0 times the maximum release 
dose of the vaccine, and the safety of the repeated admin- 
istration of one dose. These studies ate done in the most 
susceptible animals; such as animals at the minimum; age 
recommended for vaccination. The safety of ALVAG-hased 
vaccines has been extensively evaluated in cats , dogs, ferrets 
or horses. At very high doses administered subcutaneously 
(up to 10^ CCID50/dose) r the most common post-vaccinal 
reactions consist of transient hyperthermia with or with- 
out lethargy, mild and transient local pain and swelling at 
the injection site. This reactogenicity has been a consistent 
feature of the various ALVAC constructs: tested so fan His- 
tological ex ami nation showed that the inflammatory react ion 
induced by ALVAC-FeLV at the injection site was mild, local- 
ized and transient (Day et ah, submitted). At commercial 
dose, the reactogenicity of recombinant canarypox virus vac- 
cines is low: in large scale field safety trials with combined 
canarypox-FeLV vaccines in cats, the rate of local reactions, 
such as pain, itching and transient swelling ranged from 1 to 
3.6%, A similar safety profile has been reported in humans 
[41], 

Conventional distemper MLV vaccines may be fatal to 
grey foxes, red pandas, bfack-feoted ferrets, kinkajpus and 
African. Cape hunting dogs [42]. Jmerestingiy, some exotic 
mammals (red pandas, giant pandas, black footed ferrets, 
cheetahs, tigers, pumas, leopards and Santa Cataiina Island 
foxes) have been safely vaccinated with ALVAC-distemper 
without any risk of post-vaccine distemper disease, 

More generally, safety has been confirmed in a wide range 
of species as well as by different routes of administration 
(Table 2). 

■23.. Practical aspects 

Vaccinanon of companion animals and horses has been 
done with combination vaccines containing live and killed 
antigens, sometimes combined with an adjuvant, The abil- 
ity of ALV&C-based vaccines to be incorporated in existing 
combination vaccine formulations has been an important fac- 
tor in the success of mis vector For example, ALVAC-EeLV 
does not: alter the efficacy of the other feline vaccines, as 
demonstrated by serology and virulent challenge. Conversely, 
the other feline antigens do not interfere with the efficacy 
of the canarypox-FeLV; as illustrated by the similar perfor- 
mances of a monovalent and a combined ALVAC-FeLV in a 
duration of immunity study [28]. Generally compatibility of 
ALVAC-based vaccines has been demonstrated with various 
inaciivafed or live vaccines and with adjuvants like polymers 
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Table 2 

Safety of ALVAC:4tiraeci vaccines ims been demonstrated in various species 
and condiiitin* f>f usv 

Species Cat [29], dug [36], horse J34.35L ferrei ]54J. 

sheep [50], pig [511, monkey {26,44], 
rabbit.*, guinea-pigs, mice [44], Canary [441 
diickcn, duck, «aose, crow {40 j, human 

A^e Yfltmg animals, new-born mice [46] 

Immune status Nude mice, cyclaphosphainitie Seated mice 

[55]. FIV wFetV in&eted cats [29]. 
f mninno-compromised indiyiduaLs: HIV 
Infected .humans [21 f, cancer patients 
[22-25] 

Route of administration Subcu taneous [29,44], in tra-muscular 

[34,35], transdermal [32,44,55], oral [44,55 J. 
octilar |44j 5 intra^vcuous [56], Lntru-cerebral 
i44] T intra-tumorai ]5? | 



(carbonier) or oil-in-water emulsions, In addition, the physi- 
cal stability of the canarypox virus alio ws the formulation of 
either freeze-dried or liquid vaccines with shelMves up to 2 
years. 



3- Development and registration of live recombinant 
vector vaccines far veterinary use 

The development of a live recombinant vector vaccine is 
highly regulated It follows the general rules of the devel- 
opment of conventional attenuated vaccines. In addition, a 
very detailed characterization of the vaccine strain must be 
provided, as well as an extensive evaluation of its hiosafety, 
supported by specific studies. 

Pari ISM of the European registration file and the Summary 
of Inibrmati on Format (SIF) document must he submitted to 
US authorities: in order to obtain authorizatiGn to conduct 
field trials. These documents contain a detailed description 
of the genetically modi lied organism and the risk assessment 
of its release into the environment. This description includes 
inform ation on the vector itself; the inserted genes and the 
properties of the final organism; 

Due to the natural host restriction of the canarypox 
virus and its attenuation as a vaccine strain, ALVAC is not 
pathogenic for canaries, other birds or mammals. Canarypox 
virus is genetically stable, replicates in the cell cytoplasm 
of the permissive host and its large genome ai lows me inser- 
tion of several genes, Among several potential insertion sites, 
two of the m located i n the inverted termin al repeats are com- 
monly used. Generation of a recombinant canarypox virus 
starts with the cloning of the foreign gene of interest into 
a donor plasmid containing an expression cassette consist- 
ing of the promoter, the restriction endonuclease sites for 
transgene insertion and the flanking regions of the inser- 
tion focus [43], The early/late vaccinia vims H6 promoter 
has been extensively used. Insertion of the cassette in the 
vector backbone is done by homologous in vitro recombina- 



tion using chicken embryo fibroblasts infected with ALVAC 
and transfected with the donor plasmid Due to the relatively 
high reeombbauoii rate, recombinant viral plaques may be 
screened directly by DNA hybridization or detection of the 
expressed foreign prote i n. 

The genotypic and phenotypic traits of the final organ- 
ism, its genetic stability, its tissue and host tropism and its 
safety for the target species and the environment must, be 
documented for eacli new construct. The genetic stability of 
each ALVAC vaccine is indirectly confirmed by serial pas- 
sages at a low multiplicity of infection in chicken embryo 
fibroblasts and i mrnunoplaque assay or hybridisation with a 
DNA probe specific for the inserted gene. The purity of the 
plaque virus is ensured by the absence of hybridization with 
a DNA probe specific for the deleted gene. The number of 
passages encompasses the passages from Master Seed virus 
to production batch. It is generally accepted that at least 95% 
of the plaques must express the transgene at the production 
batch level. 

The host tropism of each new recombinant canarypox 
virus is tested both in vitro and in vivo. Serial passages 
are performed on primary cells and cell lines of the tar- 
get species. Attempts to passage and adapt recombinant 
canarypox viruses on Mine, canine or equine primary cells 
or cell lines of the same species have failed whatever the 
tested construct, Initial studies with AIA^AC-Rabies in cells 
of human origin demonstrated that the block in viral repli- 
cation occurred before DNA replication [441, Micro-array 
profiling of cells infected with canarypox vector has recently 
confirmed that only early genes are; transcribed in difiercnl 
types of human primary cells (Parrington, personal communi- 
cation}. The: exact molecular events responsible for this block 
in viral replication arc not yet identified for eaiiarypox; More- 
over, differences have been reported between avipoxviruses 
on different cell types £45]. 

The absence of change in the tropism of AfJVAC alter 
insertion of a foreign gene is confirmed in the safety studies 
carried out in canary birds and other species. The safety of 
each new recombinant canarypox virus is tested in canary 
birds in comparison with the parental strain by inoculation 
with a high dose via the transcutaneous route. Whatever the 
transgene, the recombinant canary pox virus does not induce 
clinical signs apart from mild local lesions at the inoculation 
site. The virus can be isolated front the skin at the site of 
inoculation and from various organs, but titres progressively 
decrease over ti me un ti l virus cannot be detected. All recom- 
binant viruses tested so far have been at least as safe as the 
parental s train, and no change of tropism has been observed, 
Because domestic birds may be in close contact with vacci- 
nated animals, safety of ALVAC based vaccines is also tested 
in chickens. Control of each new master seed virus includes 
a safety test in mice by the intra-cerebml route. The LD50 
of ALVAC has been shown to be at least 10,000 times lower 
than the Copenhagen vaccinia virus strain administered by 
intra-cerebral route in newborn and 3 -week-old mice [46], In 
addition, the i noculatio n of 1 0 9 TCID 50 vims in nude mmm- 
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odeficient mice did not cuuse any lesions, or any signs. These 
data showed, indirectly, the absence of in vivo replication 
of ALVAC The safety data in nude mice highlight that the 
lack of replication cannot be attributed to an active immune 
response of the host apd therefore is an inherent property of 
the canarypox v irus, 

The risk of horizontal gene transfer 
be evaluated for each new recombinant vaccine in the context 
of its use. Canarypox virus is usedasa vector In species which 
are not a reservoir of avipoxvirus, reducing thereby the risk of 
in vivo recombination. Nonetheless, cats have occasionally 
been infected with cowpox virus [47] and although there has 
been no report of recombination between avipoxviruses and 
orthopoxviruses, th is .risk must be evaluated before the release 
of recombinant canarypox vims vaccines. The likelihood to 
have eo-localizatkm (infection of the same cells in the same 
host) of a recombinant canarypox virus and a cowpox virus in 
natural conditions is extremely low. In addition, the genetic 
distance between avipoxvirus and orthopoxvirus minimizes 
the risk of recombination. This was confirmed by BLAST 
analyses of the region of the i nsertion sites showing that the 
risk of horizontal transfer of the transgene is very low. 

In the European Union, registration of vaccines using the 
recombinant DNA lechnology must be done through the 
centralized procedure managed by Committee for Veteri- 
nary Medicinal Products (CVMP) at the European Medicines 
Evaluation Agency (EMEA). In the USA, it is regulated 
by Animal and Plant Health Inspection Service and Cen- 
ter for Veterinary Biologies (APHIS/CVE) of United States 
Department of Agriculture (US DA) in compliance with the 
National Environmental Policy Act In addition to the gen- 
eral guidelines governing the devel opmen t and registration of 
vet eri nary vaccines : , specific guidelines apply for Jive recom- 
binant vector vaccines with a strong emphasis on the safety 
fbr the target species and the environment Authorization to 
do field trials is granted at the national level and requires a 
complete risk analy sis (equivalent to part IIH in the European 
Union; SIF in the USA), In'addition to the risk assessment, 
the applicant must explain how the risk will be managed in 
the trial In the USA, the public is notified about the request 
to do field trials with the recombinant vaccine through the 
Federal Register. The overall "Finding Of Nan Significant 
Impacf process may take from I to 2 years, and may add 
considerable delays to the overall development. 

4 ALVAC as a technology platform 

Several ALVAC-bused vaccines have now been developed 
and licensed for veterinary use. The acquired expertise on the 
development and manufacturtng of recombinant canarypox 
virus vaccines helps for the rapid generation of optimized 
constructs, As soon as the sequence of the imrnunogen is 
known, synthetic genes can be made and inserted into the 
ALVAC genome. ALVAC constructs are easier to handle than 
dangerous pathogens like H5N1 avian Influenza virus, West- 



Nile virus or Nipah vims. This technology platfoniitacilitates 
the rapid generation of new constructs, which may be an 
advantage in case of emerging diseases. At the industrial 
level me same manufacturing process is used for the various 
A L-VAC- vaccines ensuring batch -to-batch consistency. 

5. Future prospects 

improving the efficacy and safety of conventional vac- 
cines, providing rapid solutions for emerging diseases, and 
addressing new targets like chronic infections and cancer will 
prabably be the main driving force in the development of new 
recombinant canarypox virus vaccines for veterinary use. 

As an example, a canarypox virus vector expressing 
feline interIeukin-2 was tested for local . immunomoduia- 
tion in eats with fibrosarcoma [48]. In the absence of 
immunotherapy, tumour recurrence was found in 61% of 
animals within a !2-month period following treatment 
with surgery and iridium-based radiotherapy. In contrast, 
only 28% of cats receiving ALVAC-feHne IL2 exhibited 
tumour recurrences . Several ALVAC-based vaccines express- 
ing tumour-asspciated antigens are currently being evaluated 
in humans [49] and may offer opportunities for companion 
animals as well 

So far, canarypox- vectored vaccines have been licensed 
only for companion animals and horses. Soweveiv ALVAC 
has also a potential in livestocks especially for emerging 
diseases. A recent experiment demonstrated the efficacy of 
ALVAC expressing VP2 and VP5 genes of Blue TbngueWus 
(BTV) 17 in preventing BTWndueed viremia in sheep [50], 
In pigs, canarypox virus expressing either the envelope fusion 
protein (¥} or glycoprotein (G) of Nipah virus (NiV) pro- 
tected pigs against a virulent challenge and more importantly 
pre vented n asal and phary ngeal Ni V shedding [5 J J. 

Advances in molecular biology, immunology, bio- 
informatics and vaccine technology have led to a better 
understanding of innate and specific immunity, a more 
detailed characterization of the pathogens and their inter- 
action with the host and the development; of new antigen 
expression platforms, more defined adjuvants and needle- 
free administration devices. Other technology platforms like 
DNA vaccines are emerging [$}. Combination of different 
expression platforms in a prime-boost setting is very promis- 
ing, especially in chronic infections requiring strong CM I 
152,53]. 



6. Conclusion 

Registration of any vaccine is based on a benefit/risk anal- 
ysis. For Jive recombinant vectored vaccines, (he risks for 
the target animal and the environment (including humans) 
are an important concern, and must be thoroughly evaluated 
in compliance with regulatory guidelines. Risk assessment 
requires a number of specific in vitro and in vivo studies, 
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which are submi tied to art(J reviewed by the regal atory ati thor- 
itj.es* Although live recombinant vectored vaccines are highly 
regu lated, there is no major hurd l e in the registration of such 
vaccines provided the risk is srientiiically assessed and man- 
aged. 

Consequently, live recombinant vectored vaccinesare usu- 
ally better charaeteri zed than classical attenuated vaccines, 
and their safety more documented, 

As a non-repiicstive vector, ALVAC offers art attractive 
bcneht/risk mtio, which in combination with its convenience 
of use, explains its success in the market place. The ongoing 
trials in various species including humans, suggest that other 
applications will be developed in the near future. 
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